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I 
'I SUMMARY 

I 

This t echn ica l  r epor t  summarizes the data  presented by Goodyear Aerospace 

Corporation (GAC) dur ing a review meeting a t  NASA-Langley Research Center 

(LRC) on 25 October 1966, between t h e  cognizant NASA and GAC personnel l i s t e d  

below: 

NASA 

W. 
D. 
J. 
J. 
H. 
J. 
H. 
C .  

Bresse t te  - LRC 
Grana - LRC 
Cooper - LRC 
Humble - LRC 
Lawrence - LRC 
Adams - LRC 
Pr ice  - LRC 
Bayer - MSFC 

GAC 

J. Altekruse 
F. St imler  
A .  Buxton 
J. Huber 
J. Dees 

- 

A con t r ac t  requirement, t he  purpose of t he  t echn ica l  review was t o  present  

t h e  r e s u l t s  of the third and four th  months of t h e  program. The r e s u l t s  of 

t he  f i rs t  two months of the program are  given i n  GER-12853* and c e r t a i n  tech-  

n i c a l  a r eas  must be coordinated with t h e  present  r epor t  t o  obta in  t h e  complete 

p i c t u r e .  These d a t a  r e f l e c t  t h e  present  AAP philosophy, a s  defined a t  NASA-MSC 

and MSFC, t o  ensure experiment compatibi l i ty .  Once again,  the 1000 l b  base l ine  

design i s  used a s  a guide f o r  experiment, instrumentat ion,  t a s k  and equipment 

d e f i n i t i o n  and does not  necessar i ly  represent  maximum or minimum LenSat s i z e  

f o r  experiment considerat ions.  The base l ine  s i z e  was chosen t o  give complete 

rf e a r t h  coverage a t  maximum lens r ad ius  of curvature fo r  a t o t a l  weight of 

1000 l b s ,  

Detailed d e f i n i t i o n s  of PasComSat experiments a re  given along with p e r t i n e n t  

design and to le rance  information. 

was chosen a s  a representa t ive  low a l t i t u d e  condi t ion compatible with e a r l y  

An experiment a l t i t u d e  of 500 n a u t i c a l  miles 

* 
GER-12853, "Feas ib i l i t y  Study of  Passive Communication S a t e l l i t e  Concepts for 
t he  Apollo Program", Goodyear Aerospace Corporation, Akron, Ohio, 
September 1966. 
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AAP f l i g h t  plans which include manned p a r t i c i p a t i o n .  

a l s o  be considered f o r  a synchronous a l t i t u d e  experiment. The synchronous 

a l t i t u d e  case has the advantage of making it e a s i e r  t o  conduct rf t e s t s  via 

ground based equipment. 

The base l ine  design can 

L t  i s  recommended tha t  t e s t  modes A and B be combined and the  CSM and SIV-B be 

used f o r  t h e  primary equipment platforms while t h e  RMU i s  used f o r  c lose r  evalua- 

t i o n  of geometry and s t r u c t u r a l  i n t e g r i t y  of t he  PasComSat during deployment and 

r i g i d i z a t i o n .  The packaged PasComSat i s  s tored  on t h e  AAP experiment rack. The 

docking and deployment techniques suggested a re  compatible with present  AAP plans .  

The PasComSat i s  located 600 ft .  from the  CSM and SIV-B t o  prevent i n t e r f e rence  

or  entanglement during deployment. 

I n  add i t ion  t o  t h e  primary experiments of deployment and r i g i d i z a t i o n ,  s t r u c t u r a l  

eva lua t ion ,  mater ia l  p rope r t i e s ,  s t a b i l i z a t i o n  and damping and RF eva lua t ion ,  t h e  

following secondary experiments a r e  suggested: 

l e n s  buckling 

long term g rav i ty  grad ien t  s t a b i l i z a t i o n  

ma te r i a l  damping evaluation 

preliminary communications t e s t s  

extended materials exposure a t  space environment 

s o l a r  pressure e f f e c t s  

The items of i n t e r e s t  and t h e i r  range of values a r e  tabula ted  f o r  information 

purposes. 

e s t ab l i shed  dur ing  a preliminary design phase a t  a l a t e r  da te .  

The ac tua l  values and the  to le rances  an t i c ipa t ed  w i l l  be f i n a l l y  

A review of t h e  o r b i t a l  dynamics ind ica t e s  t h a t  t he  deployed P a s c o d a t ,  a f t e r  

one o r b i t ,  w i l l  be approximately 1700 f t .  ahead and 350 f t .  below i t s  i n i t i a l  

p o s i t i o n  r e l a t i v e  t o  t h e  SIV-B and the  CSM. Further cons idera t ions  must take 

i n t o  account t he  so la r  pressure e f f e c t s  i n  addi t ion  t o  t h e  drag e f f e c t s .  

PasComSat configurations of 10,000 l b s  and 100 l b  system weights were a l s o  i n v e s t i -  

ga ted  and a r e  presented f o r  general  information. 
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The given equipment and instrument l i s t  represents  a first pass e f f o r t .  

Data w i l l  be updated p r i o r  t o  submittal  of t h e  f i n a l  r epor t .  

A f i n a l  r epor t  ou t l i ne  i s  indicated t o  s t imula te  comment and ensure adequate 

coverage of t h e  study r e s u l t s .  

Technical s p e c i a l i s t s  i n  the  areas of s t a b i l i z a t i o n ,  rf experimentation and 

as t ronaut  p a r t i c i p a t i o n  reviewed, i n  d e t a i l ,  the  summary cha r t s  presented 

herein.  The cha r t s  a r e  s e l f  explanatory. I n  summary, t h e  items remaining 

t o  be accomplished on the  programwere ind ica ted  along with t h e  suggested 

follow-on e f f o r t .  

I n  genera l ,  summary cha r t s  were used i n  t h i s  review. 

and d e f i n i t i o n s  of assumptions w i l l  be incorporated i n  the  f i n a l  r epor t ,  s ince  

the  purpose of t he  t echn ica l  review was t o  b r ing  a l l  p a r t i c i p a n t s  t o  the  same 

understanding of t es t  philosophy and goals without spending too  much time on 

minute d e t a i l s .  

The d e t a i l  ca l cu la t ions  

V 
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The program schedule shows t h a t  approximately one (1) month remaine u n t i l  
de l ivery  of the  d r a f t  of t he  f i n a l  r epor t  t o  LRC f o r  review and approval. 

Technical discussions have been held by LRC and GAC personnel wi th  cogni- 

zant NASA-MSC and MSFC personnel t o  acquaint them with t h e  program goals 

and ensure compatibil i ty with t h e  AAP Experiments philosophy. 



PROGRAM SCHEDULE - PasComSat AAP EXPERIMENT 
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TASK 

0 
cu 7 

I Determine Space Test ing 
Re qui  r e  me n t  s 

I1 Experiment Select ion and 
J u s t i f i c a t i o n  

I11 Experiment Plan Preparation 

IV. Documentation 

Technical Reports 

F i n a l  Technical Report 

Draf t  I 
LRC Approval 

Db skr ibut ion 

V Pro jec t  Engineering and I *  Review Meetings a t  LRC 

Planning 

MONTHS 

o 9/20 i c  
3 

- 
A 

- 
L 

20 11/20 12/20 
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I 

A 
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b 

A 
L 
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This master program plan represents the major areas of interest 

and effort  in the development of a PasColnSat system over a period of 

approximately 18 to  24 months. 

indicated this type of breakdown as an ef f ic ient  means of expediting 

and evaluating program progress and faci l i tat ing technical assigrdbent, 

GAC background on similar programs has 

4 



biASTEic PYOGRAM PLAN - PasGodat DEVELOPMENT 

TASK 
~ ~ ~~ 

PEODUCT DESIGN 

SYSTEM ANALYSIS AND INTEGiidTION 

"GWUXD TEST DEVELOPNENT PIAN 

Test Plan Documentation 
ha te r ia l s  3evelopment 
Fabrication Techniques Dev. 
Component Checkout 
Subsystems Checkout 
Prototype Design Verification Tests 
Prototype F l i p h t  Acceptance Tests 

Fabri cation/Assembly/Che ckout 

Area Nake ikady 
Tooling - Design and Fabrication 

Prototype Units 
Spare Parts 
night Units 
Payload Handling Document 

ne l i ab i l i t y  and kual i ty  Control 

Payload Integration/Boostar 

Design (Design Freeze Date) 
Procurement 
Tooling 
Fabrication 
Checkout 

Launch Support 

Hangar Checkout Test Plan 
Payload Delivery 
Spare Parts Delivery 
Handling Fixtures Dev. 
Payload checkout - Launch Site 
Launch Si te  Crew - Test Support 

Flight Test Data Analysis 

Operational Checkout 
Performance Analysis 

Nanagement and Documentation 

Milestone/Cos t Charts 

Nonthly Progress Reparts 

KONTHS AFTER GO AHEAD 

Final Technical Hepor t 

Technical keview Meetings 



T h i s  table indicates the ground t e s t s  which should be considered during 

develapment of the lenticular PasComSat system, 

t he  special ist  in defining the state of the art and future requirements 

in his technical discipline. 

report. 

'&is plan i s  useful t o  

These data W i l l  be incorporated in the P i a  

h m  the list, it may be possible or advisable t o  pinpoint work areas 

of immediate interest to  enhance development of the PasComSat ~ y a t e n i  

a t  a later date. 
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GROUND TEST DEVELOPMENT PLAN - BASE LINE DESIGN 

I T E M  

Materials Development Tests/ 
Characterization Data 

Lens 

Torus 

Booms 

Rim 

Solar Sai l  

Fabrication Techniques Develop 
ment 

Materials 

Components 

Tooling 

A s s e d l y  

Attachments 

Seaming 

Process Control 

Quality Control 

Component Chsckout 

Lens 

Torus 

BOOM 

Binl 

Solar Sa i l  

SAMPLE 
SI 23s 

MODEL 
SIZES 

RT and Env. Chamber Tests 

rJeight Breakdown 

Seam Data 

Physical Characteristics 

Fabrication and Inspection 

Physical Data 
Tolerance 
Test Fixture Design 

and Fabrication 
Water Table Deployment 
Env, Chamber Tests 
Model Tests 
Full Scale Components 



GROUNI) TEST DEVELOPMENT PLAN (Continued) .f t 

I T E M  

Component Checkout (Cont' d) 

Attachments 

Junctions 

Hardware Tests 

Subsystems - Stab., 
Damping 

1B.F. Performance 

Subsystems Checkout 

Canister Assembly 

Inf la t ion System 

Control System 

Spacecraft Interface 

Orientation and Stab- 
i l i za t ion  

Payload Packaging and 
Deployment 

SAMPLE 
SIZES 

MODEL 
SIZES GENERAL RENARKS 

WT and Moment of Ine r t i a  
Determina tion/Verifica t ion 

Thermal Distortion Data 

Sa te l l i t e  Mass Distribution 

(RT and Chamber Tests) 

9 10 
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BASE L I N E  DESIGN EXPERIMENTS 

Deployment and Rig id iza t j  on 

S t ruc tura l  Evaluation 

Materia 1 Proper t ie s 

S tab i l i za t ion  and Damping 

RF Evaluation 

NOT CONSIDERED AT THIS TIME 

Stat ion Keeping 

ll ! 

i il 



8.6 ft 
L 
3 

Base Line *Design 
1000 l b s  System Wt. 

19' 

+ 

194 

ft. 

r 

L 

- 

ft. 

Volume 

12 
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10 DEPLOYMENT AND RIGIDIZATION 

:I 
; I  

Test 

Payload Separation from CSM 

Satellite Deployment (In Sunlight 1 

Canister Separation 

Torus Inflation 

Lens Rigidization 

Boom Rigidization 

Forces and Reaction 

Items of Interest 

Time/Temperature 

jepara t ion VeYoc i ty 

?res sure/Time 

Fressure/Time 

Pres sure/Time 

(Note Action) 

Range 

-- 

10 minutes 
in sunlight 

.0.1 ft/sec 
very slow 

0.152 PSI 

O.OOQ0245 

Tolerance 

+ 5 min - 2 min 
? 

+ 29% - a  
+ 20% 
- @  
+ 2076 
- 076 

17 

1 



20 STRUCTURAL EVPLUATION 

Test 

S t r u c t u r a l  In t eg r i ty  

Dimensional Accuracy 
Torus Sec t iona l  Dia.  
Torus Ring Dia. 
Boom Length 
Boom Dia .  
Lens/Rim Dia .  
Lens Height 

Lens Surface Character is t ics  

Dis tor t ion  Analysis 
R i m  Deflection 

Boom Bending 
Boom Torsion 
The r ma 1 D i  s t o r  t i on 

S t r u c t u r a l  Damping 

Buckling Tests 
( A t  end of Experiment) 
Boom 
Lens 

Items of I n t e r e s t  

Overall  Observation 

Lengths of items 
described i n  the 
l e f t  column should 
measure as  shown i n  
the  adjacent r i g h t  
column f o r  a 
successfu l ly  de- 
ployed s a t e l l i t e .  

1. Smoothness 

2.  Frequency of 
t e a r s  

Out of Plane 
Deflection 

Midpoint Deflection 
Angle of Twist 
Deflections i n  
general  
Natural  frequency 

Load t h a t  causes 
f a  i l u r e  

Range 

8.6 f t .  
295.6 f t .  
243.6 f t .  

295.6 f t .  
27.6 f t .  

2.6 i n .  

1. Spherical  
caps f o r  
l e n s  

2. Unpredict- 
able  

Deflections 
i n  general  
a r e  expected 
during man- 
euvering of 
s a t e l l i t e  

Tolerance 

L. 

2 .  

? 

? 

3 f t .  

? 

? 

? 

(1) 

(1) The angle of t w i s t  of the  booms i s  ( 2 )  A t  the  end of t he  experiment ax ia l  
l imi t ed  from considerations of compressive loads and torques n a y  
s t a b i l i z a t i o n  system performance be used t o  col lapse the booms and 

acce lera t ions  ( i n e r t i a  f 'orces 
appl ied p r i o r  t o  co l laps ing  t h e  
booms) t o  col lapse the l e n s .  

1P 



30 MATERIAL PROPERTIES 

I 

: i  
.i 
; I  
'I I 
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Test  

Fi lm Photolyzat ion Analysis 

Rate 

Res idue 

Hot/Cold Cycling E f f e c t s  

Space Environment Ef fec t s  

Color Changes 

Wire Grid I n t e g r i t y  

Junc t ions  

Items of I n t e r e s t  

Measure r a t e  a t  
which f i l m  photo 
degrades and 
evaporates  

Mea sure  amount 
of f i l m  remaining 
fol lowing long  
exposure 

Measure e f f e c t  of 
temp. on degradat ion 
r a t e  and e f f e c t  of 
extremely low temp. 
due t o  o r b i t i n g  dark 
s i d e  of e a r t h  

Vs .  Time 

Measure change of 

Measure s t r e n g t h  
of  wire g r i d  j o i n t s  

Measure s t r e n g t h  of 
seams 

Measure degree of 
su r face  d i s t o r t i o n  
i n  l e n s ,  booms and 
t o r u s  

Measure e f f e c t  
Hot/Cold Cycling 
on d i s t o r t i o n  su r -  
f ace  contour ,  seam 
s t r e n g t h ,  junc t ions ,  
e t c .  

Range 

Time : 
0-48 h r s .  
W t ;  Chg. 
0 = 1, oz/yd 

Time : 
2-30 da s 

.01 oz/yd2 

+300° F t o  

1 Oz/yd 5 - 

-400" F 

-- 
Tolerance 

D i s t o r t  ion  

Hot/Cold Cycling 

I 



40 STABILIZATION AND DAMPING 

Test 

Initial Stabilization Capture 
Analysis 

Satellite System Distortion 

Stabilization/3 Axis Accuracy 

Pitch 

Yaw 

Roll 

Damping Rates/3 Axis 

Mobility 

Orbit Eccentricity 

EM Energy Torques 

Satel.li.te Orientation Control 

Items of Interest 

Attitude 
Angle vs time 

STEM boom distortion 
Tetrapod boom 
distortion 

A =  C T -  
Libration Error 
Amplitude/Fre- 
quency 

Time Constants 

/Month 

W 

3ange 

Jnlimi t ed 

SO$ length 

t 5% length 
90% ft . 

-10" <9 <+lo0 
-90 <0<+90 

-10 < y l < + l O "  
360 <W<+360 
-10" <4<+1o0 
-90" <b<t90° 

0 0  days 

rT@ 40 days 
%,,, (90 d r : p  
30 to 100°/mo 

Tolerance 

f 3" 
all axes 

k 1 ft. 

f 1 ft. 
f 1 ft. 

t 1" 
t 3" 
f 3" 
f 10" 
f 1" 
f 3" 
* 2 days 
f 2 days 
F 7 days 
t 2"/mo 

I - _- 

20 



20 RF EVALUATION 

c )  %ansmission 
c l a r i t y  . 

3 )  Signa1,"to. no is  
I 

Experiment 

Radar Cross Section 
To Evaluate: 

surface tolerance;  
seam e f f e c t s ;  
d i f f r a c t i o n  e f f e c t s ;  
blockage; 

can i s t e r  , 
booms ; 

vehicle  in te r fe rence ;  
boom tolerances;  
surface t ransmiss iv i ty  

e f f e c t s  ; 
fading e f f e c t s .  

Antenna Tests  
To evaluate  above 

except fading and 
blockage, Does 
much b e t t e r  on surface 
to le rance  e f f e c t s .  

Communication T e s t  
To evaluate  e f f e c t s  of 

fad ing  and s c i n t i l a t i o  

?a r a met e r 

a )  Freqbency 

9) Range 

2 ) Aspect angle 

3)  Polar izat ion 

e )  Modulation 

a )  Frequency 

b )  Range 

c )  Aspect Angle 

d)  Polar izat ion 

e )  Modulation 

a )  Carrier freque 

Range 

1.0 - 10 gHZ 
Vary i n  small 
increments t o  
separate  e f f e c t s  
(blockage, fading, 
and transmission 
e f f e c t s ) .  , 

23 - 250 miles 
minimum a s  
f (frequency) 
40-400 f o r  
n u l l  inves t iga t ion  

f 20" minimum 

2 l i n e a r  
CP f o r  cross  check 
of boom e f f e c t s .  

40" B i s t a t i c  

cw 
Pulse 

0.1 - . l o  gHz 
(use severa l  , 
widely separated ) 

2.5 - 400 miles 
minimum a s  
f (frequency) 

10 beamwidthh 
BW = 70 X/D 

U s e  2 l i n e a r  

(Same a s  above) 

:Y 
I 1 b ) Single vs double 

Tolerance 

-- 
Kilohertz tolerance 

Not c r i t i c a l  

-- 
0 .6ksec .  minhyn 
pulse length ,, 

1% 
\ 



;;LA 
Panel- 

-Docking Collar  

Ra rk - -r' . --Payload Module S t ruc tur a 1 Flupp or t 
7 , -- SLA Attach Point 

- - - - - - - -  

SKETCH OF MSFC-AAP EXPERIMENT RACK 
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LENS BUCKLING EXPERIMENT 

(USE RCS) 

Method - Twebk Reactiod Control J e t s  



Equations of Motion 

2 
e = 0 0 [l+ 0 3 - 4q 

r 
0 ( 4  cos 00 + 5 eo 

P Q  
0 

P 1 

r = r 0 I. + 2 B p ro ( s i n  00 - e o l  

where 

cDa 
2m B =  

p = dens i ty  
r = radius  

8 = t r u e  anomaly 

Subscript o = unperturbed o r b i t  

Limitations 

r constant 
0 

constant 
P O  

e - raO small 

r - r small 

eccen t r i c i ty  - small 

0 

I: 
I' 
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O R B I T A L  DYNAMICS CONSIDERATIONS 
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I 
RMU 

S I V  B 

Ref e r enc e 
Data 

Echo I 

Echo I1 
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DRAG DATA ON C R I T I C A L  EXPERIMENT COMPONENTS 

Sketch 

o4 19 

30 

2 
Area, Ft 

4.34 

3.12 

11.3 

27.4 

626.4 

366 

0 
0 

0.0069 

0.0132 

W t ,  # 

180 

180 

30,000 

30,000 

139 

500 

Remarks 

S I V  B Empty 
W t  - 23,120 # 

100 Ft.Dia. 

135 Ft.Dia. 
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.I 

Item 

Apollo C S M  

(Tumbling) 

Baseline 
Design 

( PasComSa t 

Baseline 
Design 

Fxperiment 
Package 

Sketch 

+- 
e- 
++ +- 

E +  

37.0 

72.4 

55 -7 

0.0054 

0.012 

~~ 

0.0034 

0.0082 

12.3 

15.9 

2 
Area, F t  W t ,  # 

25 , ooq 

25,000 

405.2 

405.2 

784.3 

784 9 3 

Remarks 

With f i l m  on 
Lens 

NOTE : 
No S a i l  
No Ames Booms 

Without Film 
on L.ws 



lo-l' 

5 

4 

3 

2 

5 

4 
* 

lo-lF! 
350 

30 

400 

S = 200 x lo-** W/M2 - CPS 
Ref. NASA TND-1444 

4 50 500 550 
Altitude (Naut . Mi, ) 

Assumed Density Profi1.e 

Goo 

1 
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1 07 

6 10 

105 

104 

103 

lo2 

10 
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ORBITAL LIFETIME 

EXFLUDING SOLAR FORCES 

3 1 10 

Ballistic C o e f f .  W/C A ( l b / f t 2 )  
D 

- 1000 
yea r s  

- 
100 
years  

- 
10 
years  

- 
1 year  

.1 
year 

3 
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10" 39' 

606.6 f t .  

r 
- .  
i 

f t .  

341 f t  3 Package volume 

10,000 lb s  System W t .  



26 i n  

T-It. 

53.7 ft .  

t 

3 3.1 ft Package Volume 

100 lbs  System Wt. 
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OPTICAL PROPERTIES 

Echo I1 Specular  Mater ia l  e = 800 f t .  

S l a n t  Range of 500 naut .  m i .  

SM = -6. ( 2  magnitudes b r i g h t e r  than Venus) 
See it i n  daytime 

(Specular )  
Dark Photolyzable G r i 3  Film on S l a n t  Range of 500 naut  m i  

SM = -4 (Same S t e l l a r  Magnitude a s  Venus) 

Fi lm Photolyzed o f f  
Grid Sphere Grid 

SM = -2 

S l a n t  Range 500 naut  m i  



INSTRLMENTATION ISST/EQUIPMENT 



F'UNCTION OF INSTRUMENT AND EQUIPMENT ON PAYLOAD 

I. Vidicon Camera, Camera Control and Transmitter 

(1) Canister - To take pictures of the Lenticular deployment. 
Later use t o  check on photolyzation of the Lenticular, 

(2) SIVB - Monitor Lenticular deployment assurance against "hang upu. 

(3)  CSM - Same a s  SIVB plus v i e w  the lent icular  from different  angles 
during fly around maneuver . 

(4) RMu - 
11. Command Receiver 

Control the valve during the inf la t ion sequence and the Vidicon Camera 
and battery during photolyzation check sequence . 

111. Beacon 

For tracking the len t icu lar  during i t s  orb i t s  and guide f o r  docking 
during the "bnckling" t e s t .  

I v b  Transmitter 

Telemeter the  pressure, temperature and a l t i tude  of the lent icular  
during deployment, inf la t ion and r igidizat ion of lent icular  fo r  
control o f  deployment cycle, 

V b  Battery Pack, Regulator, and Solar Panels 

Battery pack t o  supply p m r  t o  the complete system during -degloymnt. 
The solar  panels recharge the bat tery fo r  use with the television 
transmitter for photolyzation studies. 

V I ,  Transducer (Pressure, Temperature, Altitude) 

To be used with the deployment and s tab i l iza t ion  sequence f o r  control and 
as engineering data, 
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VI1 . Solenoids 

To control inflation gas during deployroent, 

VIII. Signal Conditioning and Program Sequence Timer 

Circuits to integrate the components into a control and data 
acquisition sys tea. 

&l 



I tern 

Vidicon Camera 
Camera Control 

Transmitter 

Battery 
Accelerometer 
Beacon 

Comand Receiver 

Transmitter 

Transducer 

Torus Pressure 

Lens Pressure 

Boom Pressure 

Supply Pressure 

Regulated Pressure 

Solenoids 

Signal Conditioning 

Program Sequence 
T i m e r  

Antennas (TM and 
command) 

42 

INSTRUMENT AND EQUIPPENT ON PAYLOAD 

7 

22 

55 
105 

1 

2 05 

1.5 

0.5 

0.5 

1.5 

1.5 

5 
2 

4 

Size 
(In3 1 
200 

825 

100 
2 
22 

100 

20 

6 

6 

2 05 

2.5 

100 

30 

Power 
&q . 
7 watts 
28 volt 

450 watts 

15 ma 
16 ma 

30 ma 

40 ma 

28 V/20 ma 

20 ma 

5 v/15 ma 

5 v/15 ma 

Hemarks 

Lear Seigler Model 043lC 

Model 0663s 

30 V-20 AH NiOad 

0.152 psia (0.79 t o r r )  

o.oooo2h5 (12.7 microns) 

3000 psia 

5 psis 
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TV Instrumentation Camera 
and Transmitter 14 

l ’ ’ S  IV-B 

Lenticular / 
\ 

Lens 

Instrumentation \ / / 

.-7y v and Control 
System -c-’*- 

Attitude Sensors 
and Pressure 
Transducers 

TV, Instrumentation 
Camera, Receivers 
Recorders, and 
Command System and 

CSM .-- 

Transmitters 

Instrumentation and Control System for Deployment, 
Izlflation and Rigidizetion 
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FINAL REPORT INPUTS FOR 5 SPECIALTY AREAS 

(a) General 

State of the art for this area - Theoretical Analysis, Tests 
References 

Basic Tables, Sketches 

(b) Ground Test Development S t a t u s  

(e) Space Test Development Status 

( d )  AAP Experiment Definition - Tabulate Data, Range, Tolerances, Accuracy 

(e ) Instrumentation and Equipment Requirements (Tables) 

(f ) Recommended New Work 



STABILIZATION AND DAMPING 
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AUGMENTED GRAVITY GRADIENT STABILIZATION SYSTEM CHARACTERISTICS 

1. Provide 2 ax is  ear th  o r i en ta t ion  s a t e l l i t e  a t t i t u d e  cont ro l .  

2. Accuracy 
0.5" accuracy about t he  p i t c h  and roll axes. 
uncontrolled about the  yaw axis .  

The s a t e l l i t e  i s  

3. Control Torque Capabili ty 
Use 0.1 l b .  t h rus t e r ,  located on can i s t e r s  which a r e  displaced 194 f e e t  
below s a t e l l i t e  center of grav i ty ,  providing 19.4 lb .  f e e t  of torque. 
Assuming t h a t  the s a t e l l i t e  p i t c h  ax is  and roll ax i s  i n e r t i a s  a r e  of the  
order of 250,000 s lug  f e e t 2  
cont ro l  system i s  1-16 x 1525  

the angular acce lera t ion  capab i l i t y  of t he  
radians/sec2. 

4. The r a t i o  of the  augmentation j e t  cont ro l  torque t o  the  maximum gravi ty  
gradient  torque, for  a 500 nau t i ca l  mile o r b i t ,  i s  approximately 60:i. 
Thus the augmented system has a g rea t ly  increased speed of response and 
e a s i l y  overcomes any a t t i t u d e  disturbances encountered i n  the  500 mile 
a l t i t u d e .  

5. Att i tude  perturbing torque: 
( a )  Solar pressure - 0.05 l b  f e e t  
(b) Drag - 0.01 l b  f e e t  

5 lb/sq mile, 2% cg cp displacement 
2 

6. Inversion capabi l i ty  provided by the  j e t s  and t h e  horizon scanner. 

7 .  ' 
Fuel consumed during 1 month operation assuming 5% duty cycle i n  both the  
p i t c h  and roll axes and us ing  hydrazine with a s p e c i f i c  impulse of 235 sec .  

- 

= 110 lbs/month 

2 x 30 x 24 x 60 x 60 x 0.05 (0.1) - 
hydra z ine 235 W 

8 .  Tankage volume for  1 month supply 

8 = densi ty  = 0.036 lb/cu i n  

50 
= 1.75 cu f t  a nk 



Passive ComSat with Jet Augmentation and Damping of 
Gravity Gradient Stabilization 
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RF EVALUATION EXPERIMENT 
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AAP RF EXPERIMENT FOR LOW ORBIT EXPERIMENT WITH THE LENTICULAR 

SHAPE, THE COMMAND SERVICE MODULE, AND EITHER THE SIV-B OR THE RMU 

General 

The proposed r - f  experiment t o  support the  deployment and other  experiments 

cons i s t s  of two fundamental p a r t s ,  a s e t  of i n  space r a d a r  r e f l e c t i v i t y  

measurements, and a s e t  of communication experiments between poin ts  on the  

e a r t h ' s  su r f acec  These two s e t s  of measurements w i l l  be made i n  the  same 

time per iod as  independent e f f o r t s -  However, the  r e s u l t s  and data  from 

each w i l l  be  used i n  support of the  c the r  experiment, and the  combined 

data  w i l l  be used t o  provide an ove ra l l  evaluat ion of t he  passive s a t e l l i t e .  

The d e t a i l e d  radar cross  sec t ion  d a t a  i s  intended t o  provide a de t a i l ed  evalua- 

t i o n  of t he  r e f l ec t ion  performance of the  various p a r t s  and t o  provide an 

i n i t i a l  evaluation of the s a t e l l i t e  performance These data  should be i n  

s u f f i c i e n t  d e t a i l  t o  support l a t e r  passive s a t e l l i t e  developments, 

The communications t e s t s  provide an in i -5 ia l  measure of performance and a 

means whereby l i f e  data can be obtained through a per iodic  s e r i e s  of measure- 

ment s * 

The communications experiments a r e  not s u f f i c i e n t  i n  themselves t o  provide 

adequate data  t o  completely evaluate t h e  s a t e l l i t e .  

evaluat ion of the  r-f  design of the s a t e l l i t e  i s  poss ib le ,  nor would it be 

poss ib le  t o  explain any p e c u l i a r i t i e s  of the da t a ,  nor t o  accura te ly  e s t a b l i s h  

the  c r i t i c a l  mechanical elements of t he  deployed configurat ion,  S imi la r ly  

ground based r a d a r  r e f l e c t i v i t y  measurements w i l l  not provide the  amount of 

data  required f o r  su i tab le  evaluat ion within a reasonable time period. 

Spec i f i ca l ly ,  no de ta i l ed  

A l a r g e  amount of data i s  required due t o  the  i n a b i l i t y  t o  make d e t a i l e d  measure- 

ments of s u i t a b l e  scale  models on the ground and the  wide range of frequency and 

aspect  parameters which a re  of importance t o  a passive s a t e l l i t e .  While it 

w i l l  be poss ib le  t o  ve r i fy  t h a t  t h i s  device has r e a l  promise, i t s  s i z e  i s  such 

t h a t  the  only appropriate measurements can be made while it i s  i n  o r b i t .  
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If a l l  measurements were made from ground based instrumentation, a modest 

measure of the  success of a p a r t i c u l a r  passive s a t e l l i t e  could be achieved; 

however, no bui ld ing  block da ta  useful i n  l a t e r  experiments would be obtained 

( a s  witnessed by problems encountered with t h e  ECHO program). 

Radar Ref l ec t iv i ty  Experiment 

The purpose of t hese  experiments is t o  obtain data from which d e t a i l s  of 

t h e  deployed PasComSat which a f f e c t s  i t s  use a s  a passive s a t e l l i t e  can 

be deduced. To achieve t h i s  ob jec t ive ,  f a r  f i e l d  measurements a t  a l a r g e  

number of s p e c i f i c  frequencies and over a wide range of aspect and b i s t a t i c  

angles i s  required. The spec i f i c  parameters which have been se l ec t ed  a r e  

given i n  Table I, 

A s p e c i f i c  separate package f o r  the instrumentation of t h i s  experiment i s  

recommended. This package would be attached t o  t h e  PasComSat package and 

would be attached t o  t h e  CSM f o r  t h e  measurement program. 

separa te  self-contained package, modifications t o  the  CSM f o r  t h e  conduct 

of the  experiment a re  eliminated o r  d r a s t i c a l l y  minimized. A por tab le  

remote-control u n i t  may be car r ied  aboard the  CSM or  r e t r i eved  from the  

Instrumentation Package. 

By using a 

The fundamental experiment cons is t s  of monostatic and b i s t a t i c  measurements 

made with the  pulse radar of the Instrumentation Package a t  a range of 30 

o r  more miles. See Figure 1. Aspect angle w i l l  be changed by o s c i l l a t i n g  

the  spacecraf t  ( e i t h e r  through i ts  n a t u r a l  motion or through use of con t ro l  

j e t s ) .  

quencies, the radar frequency would be cycled repeatedly through t h e  se lec ted  

frequencies i n  rapid succession. 

To minimize the  time required t o  cover a l l  aspec t  angles and f r e -  

To obta in  b i s t a t i c  measurements, transponder b a l l s  would be e j ec t ed .  These 

would receive the  r e f l e c t e d  r - f  energy from the  PasComSat, use the  received 

power l e v e l  t o  modulate a telemetry t r ansmi t t e r ,  and t ransmi t  a s i g n a l  t o  

t h e  Instrumentation Package. It i s  estimated t h a t  t h r e e  such ' b a l l s '  should 

be  s u f f i c i e n t  t o  obta in  an adequate coverage of t h e  angular region of 

i n t e r e s t .  
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I n  order t o  ca l ibra te  the radar  r e f l e c t i v i t y  systems, i n f l a t a b l e  spheres would 

be e jec ted  from the SIV-B (See Figure 1). These would be one t o  two meters i n  

diameter, highly r e f l ec t ive ,  and r i g i d l y  in f l a t ed .  

t o  poin t  the la rge  antenna of t he  radar c ross  sec t ion  instrumentation package 

a t  the reference sphere.for  ca l ib ra t ion .  

The CSM would be maneuvered 

The acquired da ta ,  which must include three  ax i s  a t t i t u d e  data  on the  PasComSat 

cor re la ted  i n  time t o  the radar measurements, would be s tored  f o r  telemetry 

t o  the  ground a t  appropriate times i n  the experiment cycle.  There i s  the  

p o s s i b i l i t y  t h a t  a rap id  data  processing and a f l e x i b l e  t e s t  schedule based on 

the reduced data  may be implemented. 

It should a l s o  be possible  t o  obtain co r re l a t ion  with data  obtained by ground 

based radars .  These l a t t e r  can obtain data  f o r  one or a few frequencies and 

a t  a few aspect angles. 

some checkpoints w i l l  be of help.  

While t h i s  data  i s  too sparse  t o  be general ly  use fu l ,  

The equipment i n  the instrumentation i s  shown i n  a conceptual block diagram on 

Figure 2 ,  with t h e  weight, power, e t c .  given i n  Table 11. A s  i s  evident ,  the  

antenna would be an e rec tab le  a r ray  cons is t ing  of unfolding f l a t  panels ( see  

Figure 3 ) .  
ing and backup provided by the  astronaut .  While some source of i n t e r n a l l y  con- 

ta ined power i s  required, the  main power source may be acquired e i t h e r  from the  

CSM (an umbil ical  connection) or from so la r  c e l l s  worked i n t o  the  surfaces  of 

the antenna. The command t ransmi t te r  antenna may be r ead i ly  provided by a wire 

antenna taped temporarily t o  a por t  of the  CSM. 

These may be deployed e i t h e r  manually or automatically with monitor- 

Communications Ekperiment 

During the  course of the r e f l e c t i v i t y  experiments and while vehicle  a t t i t u d e  

d a t a  i s  being obtained on the  PasComSat, it i s  proposed t h a t  (whenever the  

s a t e l l i t e  i s  i n  view) communications experiments be conducted with a l l  ava i l -  

able ground s ta t ions .  Since the PasComSat should be v i s i b l e  during some day- 

l i g h t  hours, op t ica l  t racking  systems might be used and a l a rge  amount of data  

obtained by f a i r l y  simple systems. Due t o  the  l a r g e  d i f fe rence  i n  t h e  

r e l a t i v e  magnitude of radar cross  sec t ion  of t he  PasComSat compared t o  the  

CSM and o ther  objects  involved i n  the  experiment, no problems a r e  a n t i c i -  

pated from t h i s  l a t t e r  device.  
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Experiment 

Radar Cross Section 
To evaluate:  

Surf ace t o 1  erance ; 
Seam e f f e c t s ;  

Table I RF Experiment Requirements 

Para meter 

a )  Frequency 

Dif f rac t ion  e f f e c t  
Blockage ; 

Canis te r ,  
Booms ; 

Vehicle i n t e r  - 
f erence ; 

Boom to le rances ;  
Surface t r ans -  

m i s  s i v i  t y  
e f f e c t s  ; 

Fading e f f e c t s ,  
And t o  evaluate 

composite t o t a l  
per f  o r  manc e 

Communication Test 
To evaluate e f f e c t s  
and ex ten t  of fading 
and s c i n t i l l a t i o n ;  
and t o  provide a 
means of obtaining 
"Life" da ta  . 

b) Range 

c )  Aspect angle 

d )  B i s t a t i c  angle 

e )  Polarization 

f )  Modulation 

a )  Carrier 
frequency 

b )  Single vs 
double sideband 

c )  Transmission 
c l a r i t y  

d) Signal t o  
noise 

Range 

1.0-2 gHz 
Vary i n  small 
increments t o  
separa te  e f f e c t s  
(blocking, fading, 
and transmission 
e f f e c t s ) .  

23-40 miles 
minimum as 
f (frequency) 
40 - f o r  n u l l  
inves t iga t ion .  

f 20" minimum 

0 - 40" 

2 l i n e a r  

Tolerance 

Kilohertz 
to le rance  

CP f o r  c ross  check 1 db 
O f  boom e f f e c t s  

Pulse .8tAsec min 
pulse length 
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Orbital  Velocity - - 

14 
/ 

0 

Beacon 
A." "* 

Sensors 

1 - 2 Meter 
I n f l a t a b l e  Radar 

Reference Sphere 

30 m i .  Minimum 

Unf oldin Array / Antenna 

Transponder Receiver For Radar Ref l ec t iv i ty  
B i s t a t i c  Measurements Instrumentation 
and Telemetry Link Package I 

I 
li 
I; 
I' 
I" 
I. 
I 
I 
11 
I' 
I 
1 
1 
I 
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Figure 1. RF Evaluation 
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A 
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I 
I 

I 
V 

Radar Receiver 
Mechanism Radar 

Transmitter Antenna I 

-- - - - 
i Receive Telemetry 

I 

Sola r  
Cells 

I ! 
Optional 

Power Supply 
and Batteries 

I 
I 

- 
I 

I 
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I 

I I I 

(Located in CSM 
f o r  duration of 
Radar t e s t s )  

Radar Cross Section 
Mqy be attached t o  
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package J 

I 
P a re r  from CSM 

Y 
Command ’\ ITransmitter 1 

Figure 2 -Block Diagram of Radar Reflectivity Instru- 59 
mentation Package for  Attachment t o  CSM 
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Experiment 

Table 11. RF Ekperiment Component Parameters 

Weight Size 

Radar Cross Section 
(airborne only)  

150 

Communications 
(monitor gear only) 

1 5  

5 f t 3  
plus 
antenna 

60 

Power Required 

I 
I 
I 
I 
I 

1 - 1 o K w  

10 watts  
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Docking 

Payload At t a c hme nt Colla r i /  

-Unfolding Array 

-A 
Collar 

Antenna 

Array Antenna Deployed 

Figure 3 - Radar Reflectivity Instrumentation 
Pa,ckage 
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WHY MAN/WHERE MAN? 

Provide complete and meaningful observations 

Simplify procedures, appartus and data gathering 

Perform malfunction identification and recovery 

Provide in site judgment of unsheduled events. 

MAN'S GENERAL FUNCTIONS 

Initiate and stop action 

Inspect and monitor 

Correct malfunctions 

Data taking - photography 

- test e q u i p n t  

Coordinate 
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THE DEPLOyplENT AND TESTING OF A PASSIVE COMMUNICATION SA!l'ELLITE 

The passive communication satellite must have the capabili ty of deploying 

automatically without any control by a man a t  the scene, i f  it is  t o  be a 

practicable system. 

it is necessary t o  obtain as much data a s  is possible on the deploymsnt 

and Functioning characterist ics of t h i s  experimental PasCoAt,  In  any 

To insure this capacity i n  future operational missions, 

area of research i n  which there i e  uncertainty a s  t o  w h a t  w i l l  be lileaeured 

or where the measurements may be taken, a r e a l  time a b i l i t y  t o  sense devsl- 

opments and correct a measuremnt program t o  account for these developments 

i s  required, A 30813 controlling an investigation can uaually perfom t h i s  

function w e l l .  Uncertainties concerning the nature of the deploytnent and the 

e f fec t  of the enviPomen't on the structure of the PasComSat do exist, 

"he use of a man t o  adjust  the measurement program is the most versa t i le  
. 

and e f f i c i en t  solution t o  th i s  problem, 

The r e s u l t s  of the recent Gemini missions indicate that until our EVA 

technology i s  considerably expanded, the inclusion of EVA in any program w i l l  

detract  significantly from the probability of a successful mission. Therefore, 

EXA w i l l  be kept t o  a xninimm i n  t h i s  experiment, 

presently under considerat3on. Mode 

tion mount and uses the C S M  t o  transport the canister t o  its d e p l o p n t  

Two experiment modes are 

uses the S IV-B as an instrumenta- 

positAon, Mode =BM uses the BMU as the transporter and an ins.t;rm8Lent mount, 

In both cases, inetruaaents a r e  mounted on the C S M  and on the booms of the 

satellite, 



Man's most valuable contribution aside from h i s  general a b i l i t y  t o  look for, 

record and adjust  t o  the unexpected w i l l  be the visual  monitoring and 

inspection w i t h  the subsequent identification and photographing of possible 

problem areas, 

of Tables I11 throhgh .VI. 

This task i s  ident i f ied i n  the task analysis and timelines 

The r e t r i eva l  of data packages from the s a t e l U t e  and e i ther  the S IV-B or  

the RMU requires a human factors tradeoff. 

packages i n t o  the  spacecraft, it is necessary t o  depressurize the space- 

craft .  

must  be several pressurization cycles or the C S M  must be maneuvered by an 

astronaut i n  a pressurized suit, 

suit have not yet  been attempted, it might be wise t o  limit the number of data 

retr ievals  t o  a number compatible w i t h  the pressurization requiremsnts of the 

mission w i t h  one pressurization cycle allocated per data package. 

I n  order t o  bring the data 

Since data must be obtained from several different locations, there 

Since spacecraft maneuvers i n  a pressurized 

A rudimentary check of the orbi t  a t  500 nautical  miles indicates an o rb i t a l  

period of approximately 6200 seconds w i t h  about 4000 seconds of daylight 

available per orbit. 

re t r ieva l  of the data are estimated t o  require 3625 seconds f o r  Mode A and 

4172 seconds fo r  Mode B. If necessary, the data r e t r i eva l  can be postponed 

for  an orb i t ,  

The deployment, check of s t ruc tura l  in tegr i ty  and 

Tables V and VI are  a task analysis and a time line f o r  Mode B (with RMU) , 

The RMU for  t h i s  operation would have a 3000 pound-second propulsive capa- 

b i l i ty ,  an e lec t r ica l  power capacity of 4 hours and would weigh about 180 
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pounds. 

sensor8 and an attitude reference system. 

for docking to the S IV-B and the AFQUO and a mans of car- and 

releasing the PasComSat payload. Bedocking the RMT with the S IV-B a t  the 

The unit would include a motion picture camera, lU? measurement 

It would also haw, provisions 

conclusion of the deployment phase would permit refueling and poasible 

later IQlU applications. are assmed to 

be mads at a velocity of 10 feet per S S U O ~ ~ .  bll ather RMU translations 

are assaared to be a t  five feet per second. If slower translation rates 

can be tolerated, a considerable reduction in fuel consumption can be 

realized. 

The long t r p l l p r l a ~ a ~ l  of the 

!I i 



Table 111 Task Analysis 
Deployment and Structural  Integri ty  Check of PasComSat 

Mode A: Without RMU 

1. Assumptions 

a )  The baseline configuration is used. 

b)  The orb i t  a l t i tude is  500 nautical  miles circular. 

c )  The canister i s  located on the SSESM rack i n  a position suitable 
f o r  docking with the CSM, 

d) The CSM i s  docked w i t h  the canister. 

2. Deployment 

Visually inspect canister from within CSN. 

Release canister from the SSESM rack, position it 600 t o  800 feet 
d i rec t ly  i n  f ront  of the 5 N - B .  

Position C S M  600 t o  800 f e e t  away from canister i n  a direction a t  
a r igh t  angle from a l i ne  drawn between the canister and the S N - B .  

Command actuation of f i l m  and other recording devices on the CSM 
and the S IV-B. 

Command and control in f la t ion  of Pascodat. 

Record measurements of in f la t ion  of PasComSat, 

Perform s a t e l l i t e  dis tor t ion check. 

3 . Structural  Evaluation 

a )  Structural  Integrity 

CSM w i l l  be maneuvered suff ic ient ly  t o  al lw a thorough v-sua1 
inspection and photographing of the surface of the satellite, 
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4. RF Evaluation 
I 

Launch transmitters will control recording equipment. I, 

5. Retrieval 

Data canbe retrieved fronthe PasComSat and SIVB by FXA op a short 
tether/urnbilical from CSM. 

I 

f 

i 



Event 

1 
2 

3 
4 
5 

6 
7 

8 

9 
10 

11 

12 

u 

14 

15 

16 

17 
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Table I V  - Time Line Analysis 
Deployment and Structural  In tegr i ty  Check of PasComSat 

Mode A: Without RMU 

1 
1 
I 

Command Astronaut 

Visually inspect canister 

Dock CSM t o  canister/SIVB 

Visually inspect canister 
Release canister f r o m  SIW 
Position canister 800 f t  

&lease canister 
&move C S M  800 f t  away from 

canister, 900 t o  original 

i n  f ront  o f  SIVB 

Pa* 
Release canister 

S ta ti on-keep 

Photograph PasComSat a t  
deployment (Third astro- 
naut would do t h i s )  

Inspect for problems 

TiRls 
Event 

120 

600 
120 
10 
80 

10 
80 

30 

85 

s 

10 

60 

60 

ieconds 
:umulative 

0 

120 

720 
840 
850 

930 
940 

1020 

1020 

1050 

1065 
1075 

1135 

If problem occurs, include events 4-17 

Translate t o  v ic in i ty  of 
problem 

Withdraw t o  a "safeBt distance 

100 

60 

120 

50 

I 
I Experiment Astronaut 

V i s u a l l y  inspect canister 

Visually inspect canister I 

Command actuation of all 
remote monitoring and 
recording equipment 
Actuate a l l  on-board 
monitoring and recording 
equipment 
I n i t i a t e  shaping 

Monitor and control 
shaping 

I Inspect f o r  problem 

I Photograph problem 

Attempt t o  solve 
problem by pressure mani- 
pula t ion 



Table IV - Tim, =ne Analysis (Continued) 

, 

1 

! I  :! 

1: 1 

‘ j  

!! ! 

- 
Event 

18 
19 
20 

21 

22 

23 

24 
25 

- 

26 

27 

28 

29 
30 
31 
32 

33 
34 
35 
36 
37 

38 

39 

40 
41 
42 - 

Comnaand Astronaut 

Station keep 

Fly inspection pattern 
Translate t o  U p  of booms 

(within 25 f ee t )  

Depressurlse Apollo 

Pressurize Apollo 
Translate to within 25 ft 

Depressurize Apollo 
of SIVB 

Pressurize Apollo 

Total &e 

Time - 
Event 

30 

780 

50 

60 

60 

60 
60 

60 

30 

30 

60 
60 
60 
60 
100 

60 

60 

60 
60 

30 

30 

60 

60 
60 

60 

1525 
1555 
2335 

2385 

2445 
2505 

2535 
2595 

2655 

2715 

2745 
2805 
2865 
2925 
2985 

3085 
311r 
3175 
3235 

32% 

3355 

3385 

3w15 
3505 
3565 

3625 

Experinmnt Astronaut 

I n i t i a t e  r igidizat ion 

Inspect and photograph 

Secure helm t 

Check umbilical and 
te thers  

Open hat& 
Exit hatdl 
Hove to apex of boom 
using HHMU 
Attach connecting l i n e  
t o  camera 
Activate oamsra release 
mechanism 
Beturn t o  CSM 

Enter hatch 
Close hat& 

Open hatch 

Exit hartoh 

Move to SIVB using HWlT 

Attach conneating llne 
t o  camera 

Activate camera releaas 

Return to CSM 

Enter hatch 
close h a m  
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Table v - Task Analysis 
Deployment and Structural  In tegr i ty  Check of PasConoSat 

Mode B: W i t h  RMU 

1. Assumptions 

a )  The baseline configuration i s  used. 

b) Orbit  is a t  500 n.m. 

c )  The canister is located on the SSESM rack. 

d) Canister is mounted on RMU which is attached t o  the rack a d  
has a docking collar. 

e )  CSM i s  docked w i t h  RMU or  canister. 

2. Deplopent 

a) Visually inspect canister from CSM or by EVA astronaut on a 
tether. 

b) Belease, remove and position RMU and canister w i t h  CSM (600 t o  
800 f e e t  from CSM). 

(Release must be remotely operated fkom CSM) 

c)  Properly orient R.MU and canister by command from CSM. 

d)  Command release of canister froan RMT by C S M  operator. 

e )  

f) 

RMJ t o  withdraw 600 t o  800 f e e t  from canister and station-keep 
relat ive to canister. W N  

CSM t o  withdraw 600 t o  800 f e e t  from canis ter  90' t o  path 
followed by 

, 

g) 

h)  

RMU operator activate BMU monitoring device and s t a r t  video 
recording, 

CSM PasComSat operator control inf la t ion of Pascodat,  

1) Shaping 
2 )  Rigidization 
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2, Deployment (Continued) 

i )  Record on video tape and/or f i b  the inf lat ion and rigidization 
of  PasComSat from cameras on both CSM and RMJ, 

j) Satellite distortion check, 

3, Structural Evaluation 

Structural Integrity 

RMU - f ly  pattern to inspect e a t e l l i b  exercising care not to 
interpose satellite between RMU and CSM, Some maneuvering by 
cs# may be required. 

RMU and CSM - at  close range (ranging radar) photograph various' 
elements (boom tarus, etc.  t o  determiner by trigonometric relation 
the cross-section dimensional accuracy). 

1 
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Table V I  - !Rma L.Lns Analysis 
Deployment and Structural  Integri ty  Check of PasCoroSat 

Mode Br Without BMT 

I n i t i a l  conditions: Apollo CSM has separated from SIVB, transposed and is 
station-keeping approximately 10 f ee t  from SIVB payload module docking collar. 

Event 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

74 

CSM Operation 

Visually inspect RMu/ 
cani s t e r  ins t a l l a  ti on 

CSM withdraw 800, from 
SIW 

Move CSM 10 f t .  from 
RMU/canister 

Withdraw CSM 8001 from 
RMu/canister 9oo.to 
original path 

I n i t i a t e  shaping 

Monitor and photograph 

Inspect for problems 
visual 

Tim- 
Event - 

60 

540 

300 

80 

30 

80 

10 

82 

10 

60 

60 

iconds 
h d l a  ti- 

0 

60 

600 

900 

98 0 

1010 

1090 

1100 

118 2 

1192 

1252 

- 

RNU Operation 

RMU C/O and engine 
warm-up 

Rendezvous and dock 
CSM t o  RMU/canister 

Belease RMU/canistw 

Orient =/canister f o ~  
deployment (assum 
1 pitch + 1 yaw maneu- 
ver and hold. 

Release BMU from can- 
ister 

Withdraw RMU 800' from 
canister 1 - 180' yau 
+ t ranslate  

S ta ti onkeep 

Monitor and photograph 
via mu 
Inspect f o r  problems 
(TV) 

If problem occurs include Events 1 2  through 4 
I ! ! 

0 

25 

0 

0 

0 

1.0 

0 

1.0 

05 



Table VI = Tim Line Analysis (Cont;Lnued) 

Event CSM Operation 

1 2  

13 

l.4 

15 

16 

17 

18 

19 

20 

I n i t i a t e  rigidlzia- 
t ion 

Monitor and operate 
self-contained 
cameras ( t i m e  lapse, 
etc.) 

Retrieval of dab. 
(Serm6 as  operationar 
20-4.2 of Table IV) 

Totals 

Time 
-Event 

100 

60 

30 

780 

300 

70 

240 
10 

30 

1240 

385 

ieconds 
~umulative 

1312 

4 l 2  

S O 2  

1532 

2312 

2282 

2622 
2862 

2872 

2882 

2902 

u72 

~ 

RMV Operation 

Translate to  v ic in i ty  
of problem (close-up 
yi9nr). Assume 1000' 
+ 1 pitch and 1 yau 
maneuver 

Examine problem 
(stationkeep 1 n i d  

stati onkeep 

J l y  inspection qnd 
gross measurement 
pattern. (Assumes 2 
circumnadgations u/ 
6 stops each) 

Translate and photo- 
graph components - 
record range 

Translate t o  within 
20' of SIVB 

Dock with SNB 
Deactivate RMU 

S t a r t  refuel 

Finish refuel 

%Hu 
'r opellant 
Expended 

(Ills) 

1.0 

.03. 

02 

6.0 

3 e 0  

1.0 

.42 
0 

0 

0 
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SUMMARY 



WHAT REMAINS TO BE DONE 

1. Complete experiment design drawings - Baseline,  Instrumentation, 

Equipment L i s t  

2. Complete Form 1138 

3.  Fina l  Report - Rough Draf t ,  Approval, Modification, Distzibut ion 

4. Defini t ion of Follow-on Effor t  

I 

LTV Effo r t  

( a )  Supply Task and Time Line Analysis Data f o r  Test  Modes Anticipated 

(b)  Define EnrA Support Equipment Requirements f o r  Test  Modes 

( c )  Supply Final  Report Inputs 
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SUGGESTED FOLLCN ON PROGRAMS 

1. Prel iminary Design Studies  - Mater ia l s  Def in i t i on ,  S t r u c t u r a l  Analyses,  

Design Drawings, Ins t rumenta t ion ,  Spec ia l  

Equipment 

R i m  Development Studies 
Diaphragm Tes ts  - Buckling Data 

Thermal D i s t o r t i o n  Considerations 

Orbit Pe r tu rba t ion  S tudies  - Drag, Solar  Pressure  Forces ,  

Computer Program 

Pressure System Development 

Large Model Fabr ica t ion  and Checkout 

2 .  Active S t a b i l i z a t i o n  and Damping System Studies  

Control  System Development for  Base l ine  Experiment 

System f o r  Lens Only - Design Studies  

3.  Development af RF Transmit t ing Beacon-Ball System 

Test  Technique Development and Checkout 

Ejec t ion  System Study 

Define RF Equipment Package 
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ACTION ITEMS 

1. Suggest Technical Briefing at NASA-Headquarters Soon 

2. Suggest Technical Coordination Meeting with cognizant MSC and 

MSFC personnel 


